Information on utilization of oral anticoagulants (OACs) in nursing homes is scarce. This study aimed to (i) describe OAC use in German nursing home residents, (ii) examine factors influencing whether treatment is initiated with vitamin K antagonists (VKAs) or non-VKA oral anticoagulants (NOACs) and (iii) assess which conditions predict switching to NOAC instead of continuing VKA.
Introduction
Oral anticoagulants (OACs) have been used for more than 60 years to prevent and treat thromboembolic diseases. Traditionally, vitamin K antagonists (VKA) have been the only available drug class. Use of these agents, however, is complicated by a delayed on-and offset, a narrow therapeutic margin, the sensitivity for food-and drug-drug interactions, and a high inter-and intra-individual variability necessitating regular monitoring of the anticoagulant effect by the International Normalized Ratio (INR) to prevent over-or under-coagulation [1] . In Germany, by far the most frequently prescribed VKA is phenprocoumon, which despite a similar chemical structure displays substantial differences in pharmacokinetics compared to the worldwide most commonly used warfarin [2] .
In recent years, non-VKA oral anticoagulants (NOACs) were introduced. In August 2011, dabigatran etexilate (dabigatran) was the first NOAC to receive approval for the prevention of stroke and systemic embolism in adults with non-valvular atrial fibrillation (AF), followed by rivaroxaban (December 2011) and apixaban (November 2012). In contrast, rivaroxaban was the first NOAC approved for the treatment of venous thromboembolism (VTE: deep vein thrombosis and pulmonary embolism), and its secondary prevention (December 2011 and November 2012), followed by dabigatran and apixaban (June and July 2014, respectively) [3] . As opposed to VKAs, use of NOACs for prevention of systemic embolism in patients with prosthetic heart valves is not recommended or indicated.
NOACs offer convenient treatment with faster on-and offset, fixed dosage schemes, no regular laboratory controls and few drug and food interactions [4] . In Germany, use of these agents has increased substantially in recent years [5, 6] . However, there are concerns about the assessment of the anticoagulant status in critical situations and the overall medication adherence without coagulation monitoring, the lack of specific antidotes for most of these agents, the dosing in special groups of patients and the higher drug costs compared with VKA [1, 4] .
Nursing home residents typically comprise elderly and very elderly persons with a high prevalence of conditions requiring prevention and/or treatment of thromboembolic diseases [7, 8] . Comorbid conditions such as an impaired renal function are common, and patients are often treated with several different drugs [9, 10] . In this vulnerable population little is known about OAC treatment patterns including the choice of drugs and the reasons for changing treatment regimens.
Therefore our objectives were to (i) describe OAC use in German nursing home residents, (ii) identify factors influencing whether VKAs or NOACs are used to initiate oral anticoagulation and (iii) assess which conditions predict a change of treatment.
Methods

Data source
Using data from the DAK-Gesundheit, a large statutory health insurance (SHI) fund insuring about six million persons (over 7% of the German population), this cohort study was based on new nursing home residents from 1 January 2010 to 31 December 2014 aged 65 years or older who had been continuously insured in the year preceding nursing home entry. For each person demographic characteristics, information on inand outpatient diagnoses, treatments and procedures as well as outpatient prescriptions and care level were available. Diagnoses are based on the German modification of the International Classification of Diseases, 10th revision (ICD-10-GM). Information includes the type of diagnosis (main/ancillary/secondary) for inpatient and the diagnostic certainty (confirmed/suspected/ruled out/status post) for outpatient diagnoses. Therapeutic procedures are coded according to the Operations and Procedures Coding System (OPS). Prescription data include drugs dispensed in a pharmacy and reimbursed by the SHI; they can be linked to the Anatomical Therapeutic Chemical (ATC) classification system.
Patient informed consent was not required by law as the study was based on anonymous data.
Study population and drug exposure
We included all patients receiving at least one prescription of the vitamin K antagonists phenprocoumon (ATC code: B01AA04) or warfarin (B01AA03), the factor Xa inhibitors rivaroxaban (B01AF01, B01AX06) or apixaban (B01AF02) or the direct thrombin inhibitor (factor IIa) dabigatran (B01AE07) during their nursing home stay. Products only approved for the prevention of VTE in patients undergoing elective hip or knee replacement (rivaroxaban 10 mg and dabigatran 75 mg) were not considered. Further, prescriptions of apixaban 2.5 mg and dabigatran 110 mg were excluded if a procedure indicating elective hip or knee replacement but no diagnosis of AF or VTE was found in the 6 months before the prescription. Patients entered the cohort on the day of their first OAC prescription in the nursing home (index prescription). OAC patients treated with different agents on the day of the index prescription were excluded. Patients who had not received an OAC in the 12 months preceding the index prescription (irrespective of whether during or before nursing home stay) were considered incident OAC users. Cohort exit was defined as the first of the following dates: (i) end of insurance, (ii) death or (iii) end of study period.
Covariates
For all patients we determined comorbidity and other conditions, including potential indications for OAC as well as risk factors for stroke and bleeding (definitions presented in Table S1 ). Chronic conditions were assessed from inpatient (main and ancillary) and confirmed outpatient diagnoses, whereas acute severe events such as major bleeding, myocardial infarction, VTE or stroke were based on hospital data only. Inpatient diagnoses were determined in the 6 months before the index prescription. Outpatient diagnoses, which are coded on a quarterly basis (i.e. a 3-month interval), were assessed in the quarter of the index prescription and in the two preceding quarters. Comedication was ascertained in the 6 months before and on the day of the index prescription. The number of different drugs (based on the 7th level of the ATC code) other than OACs was assessed during this time period. Finally, the care level ranging from 0/1 (limited daily living skills/substantial need of care) to 3 (most severe need of care) [11] of each patient was obtained at the day of the index prescription.
For AF patients we calculated the CHA2DS2-VASc score assigning one point each for heart failure, hypertension, diabetes and vascular disease (including myocardial infarction and peripheral arterial disease) and two points for stroke (ischaemic or unspecified, including transient ischaemic attacks, arterial embolism and thrombosis). Being aged 65-74 or ≥75 at the time of the index prescription scored one or two points, respectively, and -if other risk factors were present -one point was added for female sex [12, 13] . The CHADS2 score was based on heart failure, hypertension, age ≥75, diabetes (one point each) and stroke (two points). Additionally, the HAS-BLED score was determined based on hypertension, renal or liver impairment, stroke (ischaemic or unspecified), bleeding history (or a predisposition thereof) and age >65 years (one point each). Being diagnosed with alcohol-related disorders or treated with drugs increasing the risk of bleeding further scored one point each [12, 13] . Since INR values are not part of German claims data and their measurement would have only applied to VKA-treated patients, 'labile INR values' was not included and the maximum value for the HAS-BLED score in this study was eight rather than nine.
OAC treatment
In prevalent OAC users a potential switch of treatment after nursing home admission was examined including (i) change of substance (within the same drug class) and (ii) change of drug class. We therefore compared a patient's index prescription with the last OAC he or she had received before nursing home entry.
OAC treatment duration was estimated for each patient by summing the number of defined daily doses (DDD) of all eligible OACs prescribed during nursing home stay.
Statistical analysis
Descriptive statistics [percentages, median, interquartile range (IQR)] were used to characterize patients and OAC treatment with respect to the index OAC. Based on the years 2012-2014, two logistic regression models were used to identify (i) factors predicting treatment initiation with NOAC vs. VKA in incident OAC users and (ii) conditions associated with a change of the OAC class after admission to the nursing home in VKA pre-treated patients (i.e. comparing the index OAC to the last OAC prescribed before nursing home entry). Explored predictors included age and sex, indication for use, known risk factors for stroke and bleeding, other chronic conditions including care level, whether the OAC was prescribed by a general practitioner (GP) or by another physician specialty, a hospital stay in the 7 days preceding the index prescription, the number of additional drugs prescribed and the year of the index prescription. Further, these predictors were also analysed in the subgroup of patients with AF.
From 2010 to 2014, we additionally determined yearly proportions of AF patients with a CHADS2 score ≥2 receiving OAC. For every study year and without applying other inclusion criteria, all nursing home residents with at least one AF diagnosis and conditions equalling a CHADS2 score ≥2 in that year constituted the denominator. Among those, all patients receiving at least one OAC in the respective year were included in the numerator. No temporal association between diagnoses/conditions and prescriptions was required.
Analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC).
Nomenclature of targets and ligands
Key protein targets and ligands in this article are hyperlinked to corresponding entries in http://www.guidetopharmacology. org, the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY [14] , and are permanently archived in the Concise Guide to PHARMACOLOGY 2017/18 [15] .
Results
During their nursing home stay, of 127 227 newly admitted residents, 16 804 (13.2%) received at least one eligible (i.e. not used for orthopaedic indications) OAC ( Figure 1 and Table 1 ). Median age at the time of the index prescription was 85 (IQR: 80-89) and three quarters of patients were female. The majority received phenprocoumon (58.0%) as index OAC, followed by rivaroxaban (28.1%) and dabigatran (7.3%). Over the study years, a large increase of NOAC index prescriptions namely of rivaroxaban was observed and in 2014, more than 60% of patients had a NOAC index prescription ( Figure S1 ).
Patient characteristics and indication
The highest prevalence of AF was found in apixaban users (91.9%) and the lowest in those treated with rivaroxaban (72.0%), whereas VTE as a potential indication ranged from 2.8% (warfarin users) to 20.6% (patients receiving rivaroxaban). Overall 794 (4.7%) OAC users had diagnoses of AF and VTE and for a total of 13.5% of patients neither AF nor VTE had been diagnosed. The proportion of patients with none of the respective diagnoses recorded was highest in phenprocoumon (15.0%) and lowest in dabigatran (6.4%) users. Different patterns with respect to indication and index OAC were also observed over the study years ( Figure S2 ).
In AF patients receiving apixaban or warfarin, the median CHA2DS2-VASc score was 6 (IQR: 5-7) and 5 in those treated with other index OACs. Overall, 78.5% of OAC patients with AF had a HAS-BLED score ≥3. Values were slightly lower in users of dabigatran, rivaroxaban or phenprocoumon (median: 3; IQR: 3-4) than in patients with apixaban or warfarin index prescriptions (median: 4; IQR: 3-5 and 3-4, respectively).
Patients treated with warfarin had the highest prevalence of diabetes, hypertension and heart failure. In contrast, previous myocardial infarction was least common in these patients (4.2%) whereas the respective proportion among apixaban users was substantially higher (9.4%). A diagnosis of stroke in the 6 months preceding the index prescription ranged from 9.9% (phenprocoumon users) to 31.0% (apixaban-treated patients). Previous bleeding varied between 11.7% (patients receiving phenprocoumon as index OAC) and 15.9% (dabigatran users). Renal disease was common (overall 43.5%) and most often found in users of warfarin (53.5%) and least often in patients treated with dabigatran (34.0%). The proportion of patients with dementia was lowest among warfarin users (45.1%) and highest in those receiving apixaban as index OAC (61.4%). A care level of 2 or higher ranged from 37.3% (phenprocoumon users) to 47.5% (patients receiving apixaban as index OAC).
AF patients displayed slightly higher proportions of comorbid conditions but overall similar differences with respect to the index prescriptions (Table S2) .
Drug use patterns
About 96% of index OACs were prescribed by a GP ( Table 2 ). The proportion of cardiologists issuing the index prescription was highest among patients receiving rivaroxaban, whereas nephrologists more often prescribed phenprocoumon. Overall, 40.7% of patients were incident OAC users. Among prevalent users, 9.3% switched to the other OAC class after entering the nursing home. Of those, over 90% were VKA pre-treated. Switching from phenprocoumon to rivaroxaban was the most common sequence. Less than 3% of NOAC pre-treated patients switched to another NOAC. Patients with Figure 1 Flowchart for study cohort. AF, atrial fibrillation; OAC, oral anticoagulant; VTE, venous thromboembolism.
a assessed by products' strength Table 1 Characteristics of nursing home residents treated with oral anticoagulants 
Median number of different drugs (IQR)
11 (8) (9) (10) (11) (12) (13) (14) 11 (8) (9) (10) (11) (12) (13) (14) (15) (16) 11 (8) (9) (10) (11) (12) (13) (14) 11 (8) (9) (10) (11) (12) (13) (14) 11 (8) (9) (10) (11) (12) (13) (14) 11 (8) (9) (10) (11) (12) (13) (14) AF, atrial fibrillation; IQR, interquartile range; VTE, venous thromboembolism a Refers to the 7 days preceding the index prescription dabigatran, apixaban or rivaroxaban index prescriptions received substantially more often the lower approved doses (86.7%, 72.2% and 60.9%, respectively). The overall median treatment duration based on DDDs was 200 days (IQR: 100-400). While 13.2% receiving phenprocoumon and 14.1% receiving warfarin index prescriptions were later prescribed NOACs (i.e. switching OAC drug class at least once), only 2.9% of patients with NOAC index prescriptions also received VKAs during nursing home stay. AF patients revealed a higher proportion of prevalent users but overall similar drug use patterns compared to the overall cohort (Table S3 ).
Predictors for treatment choice
A previous stroke was a strong predictor for initiating treatment with a NOAC instead of a VKA [adjusted odds ratio (aOR): 1.76; 95% confidence interval (CI): 1.49-2.08, Figure 2 ]. Other factors predicting NOAC treatment were a recent hospital stay (aOR: 1.37; 95% CI: 1.22-1.55), receiving the OAC prescription from other specialties than GP (1.54; Figure 3) . A lower impact was observed for female sex (1.31; 1.09-1.58), being treated with a higher number of different drugs (1.27; 1.07-1.51) and a care level greater than 1 (1.39; 1.17-1.65 and 1.62; 1.14-2.31 for care level 2 and 3, respectively). Receiving the index prescription in 2013 (1.57; 1.27-1.93) or 2014 (1.69; 1.38-2.09) compared to 2012 was associated with a higher probability to change treatment as well. The only factor significantly predicting a continued VKA treatment was the presence of a prosthetic heart valve (aOR: 0.38; 
Oral anticoagulation in atrial fibrillation over the years
In the yearly cohorts, less than half of the AF patients with a CHADS2 score ≥2 received OAC ( Figure 4 ) displaying a substantial increase from 27% in 2010 to 46% in 2014. Patients with a HAS-BLED score ≥3 were less likely to receive OAC than those with a score <3. Basing the analysis on the CHA2DS2-VASc score did not change these results (data not shown).
Discussion
In this study we examined OAC use in new nursing home residents, a population with a high prevalence of indications requiring anticoagulation [7, 8] but also an elevated risk for bleeding. Thus, balancing risks and benefits, the decision for OAC treatment, the choice of substance and the factors influencing a change of regimen are of high relevance. With a median age of 85 years, the OAC patients in our study were substantially older than those participating in the respective phase III trials where dabigatran, rivaroxaban, or apixaban were compared with warfarin [16] . Further, a high proportion of patients had renal disease and other comorbid conditions and frequently received other medication indicating that in this real world situation, patient characteristics do not match the trial settings [17] . Being admitted to a nursing home is often accompanied by a change of health professionals involved. Medical care now usually takes place in the nursing home instead of the physician's office, hampering regular laboratory tests such as INR monitoring. Based on a patient's medication plan, drugs are administered by the nursing home staff. Acute events and/or chronic conditions leading to nursing home
Figure 2
Predictors of initiating oral anticoagulation with NOAC vs. VKA in nursing home residents in the years 2012 to 2014 (n = 5513). ATC, anatomical therapeutic chemical; CI, confidence interval; GP, general practitioner; NOAC, non-vitamin K antagonist oral anticoagulant; OR, odds ratio; VKA, vitamin K antagonist; VTE, venous thromboembolism. Notes: Adjusted OR <1 predicts treatment initiation with VKA, adjusted OR >1 predicts treatment initiation with NOAC. A recent hospital stay refers to the 7 days preceding the index prescription. Index prescriptions with a missing physician specialty were excluded from the analysis admission might further result in a change of patients' medication influencing OAC choice.
As expected, with a prevalence of 78%, AF was the most common indication for oral anticoagulation and based on the CHA2DS2-VASc score, OAC treatment was recommended for almost all AF patients. VTE was far less common and for a small proportion of patients diagnoses of AF and VTE were found. In contrast, nearly 14% of patients had none of the examined diagnoses recorded. For VKAs this might be explained by other approved indications such as the prevention of systemic embolism in patients with prosthetic heart valves. Although excluding products only approved for orthopaedic indications, NOACs might have been used in this context.
In our study, a steep increase of NOAC use was found over the years mirroring German prescription statistics [5, 18] . The differing patterns observed when stratifying by potential reason for use probably reflect the diverging sequence of the agents' approval for the respective indications. While several guidelines such as those published by the European Society of Cardiology, the German Cardiac Society or the German Stroke Society give preference to the new substances in AF management [12, [19] [20] [21] , the Drug Commission of the German Medical Association recommends their use mainly for patients for whom VKA do not represent an adequate treatment option [1, 22] . Accordingly, the German College of General Practitioners and Family Physicians found no advantage in treating AF patients who can be adequately treated with VKAs with NOACs instead [23] .
In our study, stroke was the only acute condition significantly predicting treatment initiation with NOACs instead of VKA, which was also observed by a recent study based on the UK's Clinical Practice Research Datalink identifying patient characteristics associated with NOAC initiation [24] . In contrast, both prior stroke as well as bleeding, reflecting the current treatment's effectiveness and safety, equally impacted Figure 3 Predictors of switching oral anticoagulation from VKA to NOAC with nursing home entry vs. continuing VKA treatment in the years 2012 to 2014 (n = 4829). ATC, anatomical therapeutic chemical; CI, confidence interval; GP, general practitioner; NOAC, non-vitamin K antagonist oral anticoagulant; OR, odds ratio; VKA, vitamin K antagonist; VTE, venous thromboembolism. Notes: Adjusted OR <1 predicts continuation with VKA, adjusted OR >1 predicts switching from VKA to NOAC with nursing home entry. A recent hospital stay refers to the 7 days preceding the index prescription. Index prescriptions with a missing physician specialty were excluded from the analysis switching from VKA to NOAC vs. continuing VKA treatment in this present analysis.
About one third of patients had been hospitalized in the 7 days preceding the index OAC. A recent hospitalization highly predicted treatment initiation with a NOAC and switching to NOAC, probably mirroring the tendency that new products introduced in the hospital market subsequently influence drug therapy in the outpatient setting [25] . The large influence of recent hospital stays on NOAC initiations was also observed by a Danish study where hospital physicians were responsible for the initiation of 73.5% of all new NOAC users [26] . With respect to treatment changes, another Danish study found that approximately half of all changes were preceded by a hospitalization [27] . Although overall rare, the initiation of OAC treatment by other specialists than a GP was associated with NOAC use.
The only factor significantly associated with both initiation and maintenance of VKA treatment in our study was the presence of a prosthetic heart valve, a condition in which NOAC use is not recommended or indicated. The other factor significantly predicting treatment initiation with VKA was renal disease, a common condition in nursing home residents [28] . For VKAs, renal clearance is considered to be a minor determinant of anticoagulant response and the anticoagulant dose can be titrated and monitored using the INR. In contrast, information on NOAC use in patients with severe chronic kidney disease is scarce [12] and a regular monitoring of the renal function is required. This is especially important for the direct thrombin inhibitor dabigatran [29] . The comparatively low proportion of patients with renal disease among dabigatran users probably mirrors the fact that dabigatran is contraindicated in patients with severe renal impairment and the special caution applied to this substance. Whether renal function was monitored regularly was beyond the scope of this present analysis but a recent cross-sectional study in German nursing homes found that in one quarter of patients creatinine values had not been determined in 1 year [28] .
Interestingly, an impaired renal function did not significantly influence the decision whether to change VKA regimen to NOAC or continue VKAs. This indicates that other factors such as stroke or bleeding were considered more important. In this context, the above-mentioned UK study found that patients with chronic kidney disease were less likely to be prescribed NOACs compared with VKAs early after the formers' introduction but not when using data from 2015 [24] , suggesting that over the years physicians might have become more confident to use NOACs also in these patients.
An impaired renal function and/or an increased risk of bleeding [29] [30] [31] but also other factors such as older age [29, 31] and low body weight [31] probably influenced the overall lower NOAC strengths prescribed to our study population, thereby reflecting recommended dose reductions in these patients. For rivaroxaban, the lower strength might also refer to the initial phase of VTE treatment where 15 mg twice daily is followed by 20 mg once daily [30] . The high proportion of patients with a thromboembolic event preceding a rivaroxaban index prescription supports this assumption. Since VKA dosing is adapted according to the INR values obtained, the VKA dose applied cannot directly be deduced from the dispensed strength.
Another common condition in German nursing home residents is polypharmacy [10] which increases the risk for drug interactions. VKAs are among the substance classes often involved in drug interactions leading to hospitalization [32] predominantly by an elevated risk of bleeding [33, 34] . While pharmacodynamic effects also apply to NOACs, their decreased sensitivity to pharmacokinetic interactions is
Figure 4
Patients with atrial fibrillation and a CHADS2 score ≥ 2 by year and bleeding risk considered advantageous compared with VKAs. In our study, receiving more drugs did not significantly influence treatment choice for OAC initiation but was associated with switching oral anticoagulation to NOACs. When considering a higher care level and the presence of dementia, both were significantly associated with NOAC initiation and a switch to NOAC treatment. The omission of laboratory tests and the fixed dosage schemes assumingly have advantages with respect to adherence and practicability for the patient and probably also for the personnel involved in adapting and implementing medication plans.
Considering the yearly cohorts of nursing home residents, only between 27% and 46% of the AF patients with a CHADS2 score ≥2 received OACs. These low proportions are remarkable, since the considerable stroke risk without OAC treatment often exceeds the risk of bleeding associated with OAC use also in the elderly, in patients with cognitive dysfunction, or in patients with frequent falls or frailty [12] .
The overall rise in NOAC prescriptions and the increase in OAC use in AF patients observed in our study suggest that with the introduction of the new substances, physicians have become more confident to prescribe OAC in elderly nursing home residents including those with a high bleeding risk.
For this study some strengths and limitations have to be considered. A major strength is the large cohort of elderly nursing home residents which reflects real world practice. By using pharmacy dispensing data for exposure information, recall bias can be ruled out and information with respect to time, brand, and dispensed dose can be regarded as precise [35] . We were able to include several comorbidities based on in-and outpatient diagnoses and comedication as well as other conditions such as care level.
Limitations are due to the nature of the underlying administrative data. Since laboratory parameters are not included, we had no information about INR values or the time patients spent within their recommended therapeutic range which has a major impact on the treatment benefit of VKAs [36] and therefore probably also influenced the decision to continue VKA or switch to NOAC. Furthermore, we had no information on other patients' conditions such as overall frailty or frequent falls. As a further drawback, our study did not include a review of individual patient files which for data protection reasons is not feasible in Germany. Moreover, no direct linkage is possible between prescriptions and diagnoses as reflected by the patients for whom both examined indications were recorded. This uncertainty regarding prescriptions and corresponding diagnoses might have been more pronounced in our yearly analyses of AF patients, as no temporal association between prescriptions and diagnoses/conditions was required.
Finally, we had no information whether the physician issuing the last prescription before nursing home entry was the one responsible for the index prescription.
In conclusion, the overall tendency in Germany to use NOACs instead of VKAs was also observed in the nursing home setting affecting both the initial prescription as well as a potential switch of treatment. Aspects such as intended higher effectiveness and safety but probably also practicability might have influenced our findings. However, factors such as the possibility to assess the anticoagulant status or use and adaptation in patients with impaired renal function, a very common condition in nursing home residents, should also be taken into account and NOAC treatment should be conducted with caution.
Although not the focus of this present study and despite an observed increase over the study years, the overall low proportion of nursing home residents with AF and a CHADS2 score ≥2 receiving OAC treatment was remarkable and requires further investigation.
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